1020-4 Proximal Isovelocity Surface Area Method Applied to Non-Planar Surfaces: Implications of In Vitro Studies for Clinical Regurgitation and Stenosis  by Tsuji, Shinsuke et al.
lACC February 1995 ABSTRACfS 397A
Control
40-PROT
Ba
7.1 ± 1.5
2.6 ± 0.4*
Kd
20.6 ± 2.3
38.5 ± 15*
Activity
0.8 ± 0.2
0.6 ± 0.1
and mean regurgitant flow rates (RFR). regurgitant stroke volumes (RSV) and
regurgitant fractions (RF) were determined using pulmonary and aortic elec-
tromagnetic flow probes and meters balanced against each other. Results
using simple liner regression analysis between the CD jet data and hemody-
namic data were as follows.
Peak RFR Mean RFR RSV RF
AR jet area r = 0.66 r = 0.74 r = 0.67 r = 0.68
AR iet length r = 0.40 r = 0.51 r = 0.46 r = 0.46
Jet neck width r = 0.88 r ~ 0.95 r ~ 0.97 r ~ 089
jet neck/lVOT r ~ 0.84 r = 0.91 r = 0.94 r = 089
Our study shows that the CD jet area and length methods have limited
use for determining AR severity, and that the jet neck width method, either
with or without normalization for LVOT size depending on patient population
studied, should be most accurate for evaluating severity of AR.
LVOT: Left Ventricular Outflow Tract
A New Method of Accurate Quantitation of Aortic
Regurgitation Using Doppler Echocardiography
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To evaluate a flow convergence (Fe), axial centerline velocity/distance profile
method as applied to chronic aortic regurgitation (AR). we compared FC re-
sults to AR flow rates and volumes simultaneously determined by aortic and
pulmonary electromagnetic flow probes and meters (EM) balanced against
each other. In 6 sheep, a total of 21 hemodynamic states were obtained 20
weeks after the original surgery to produce AR. Echo studies were performed
to obtain complete axial FC velocity/distance profiles from apex views. The
color Doppler velocity data were directly transferred in digital format from the
ultrasound instrumentation to a microcomputer. AR was classified as grade I
when the peakAR flow rate was <2.5I1min (7 conditions), as grade II when it
was between 2.5 and 6.0 IImin (5 conditions). and grade III when it was >6.0
I/min (9 conditions). All of the velocity/distance acceleration curves toward
the AR orifice showed organized acceleration fields with highly significant
correlations using multiplicative regression fits (y = ax-b; r = 0.94-0.99; all
p < 0.01 I. All of the centerline velocity/distance profiles for grade III regurgita-
tion traversed a domain encompassed by velocities >0.6 m/sec at distances
from the orifices >0.75 em; the profiles for grade I regurgitation resided in a
domain encompassed by velocities <0.45 m/sec at distances from the ori-
fices, <0.5 em. The profiles for grade II regurgitation resided in a domain
between these. In addition, an equation for correlating both "a" and "b" (co-
efficients) with the peak AR flow rates (Q IImin) was derived from multiple
regression analysis (Q = 16a + 1.5b - 1.5, r = 0.95, P < 0.001, SEE = 0.55
IImin). This study, using quantified AR. demonstrates that the FC axial center-
line velocity/distance profile method can be used for evaluating the severity
of aortic regurgitation.
Evaluation of Aortic Regurgitation Using Digitally
Determined Color Doppler Imaged Flow
Convergence Acceleration: A Quantitative Study
in Animals
Takahiro Shiota, Michael Jones, Russell S. Heinrich, Izumi Yamada, Ajit
P. Yoganathan, David J. Sahn. Georgia Inst ofTechnology, Atlanta, GA; Oregon Hlth
Sci Univ. Portland, OR; LAMS-NHLBI, Bethesda, MD
Proximal Isovelocity Surface Area Method
Applied to Non-Planar Surfaces: Implications of
In Vitro Studies for Clinical Regurgitation and
Stenosis
Shinsuke TsuJi, Mei-Yu Chuang, Edward G. Cape, Keong Joung. Cheryl L. Reid,
Julius M. Gardin. University of California Irvine, Orange. CA; Children's Hospital,
University of Pittsburgh. PA
The color Dopplerproximal isave/ocity surface area (PISA) method accurately
estimates volume flow rate (Q) across a planar surface in vitro. This method
has been applied clinically to estimating valvular regurgitant flow using a
hemispherical formula requiring measurement of a single axial radius. How-
ever, since cardiac valves may approximate convex shape, the most accurate
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Range of
JCSAxVTI
grades
[3.5 - 40]
III [79-150]
II [45 - 79]
IV >190
Evaluation of Aortic Regurgitation (AR) Using
Color Doppler Jet Measurement: An Animal
Study with Quantified AR
AR Grades by Cath
I II III IV
19 2 1
2 11 1
1 10 1
1 9
Results: The correlation (Spearman's rank, rl of JCSA x VTI with the AR
grade at cath was superior to JH/OTD: 0.88 vs 0.77, P = 0.02. The Table
shows the relationship between the 4 grades of AR by cath vs JCSA x VTI
(derived retrospectively). The accuracy of JCSA x VTI for grades II and III AR
was 89% and 74% respectively, while the accuracy of JH/OTD for the same
was 78% and 69% respectively (p = 0.04 and p = 0.051.
Conclusion: The JCSA x VTI product is an easily obtained index of aortic
regurgitant severity that closely correlates with AR grade obtained at cath.
It is superior to JH/OTD for quantitation of AR, especially for intermediate
grades of AR.
Estimation of aortic regurgitation (ARI by Doppler echocardiography (DE)
may not correlate with cath, especially for inte mediate grades (II, III) of AR.
The volume of the AR can be estimated as the product of the jet cross-
sectional area (JCSA) and the velocity time integral (VTII of the AR jet. The
purpose of this study was to determine the correlation of JCSA x VTI with
AR grade at cath and to compare this with widely used method of jet-height
to left ventricular outflow tract diameter ratio (JH/OTD). We analyzed 58 con-
secutive patients with AR who had both DE and contrast aortography. The
maximal height of the AR jet on color flow Doppler was measured in the
parasternal long axis view at the junction of the aortic annulus and LVout-
flow tract. JCSA was calculated as n(JH/2)2. VTI was measured as the area
under the continuous wave Doppler tracing of AR obtained from the apical
view. Severity of AR on aortography was graded on a I-IV scale.
Izumi Yamada, Takahiro Shiota, Russell S. Heinrich, Masahiro Ishii, Ajit Yoganathan,
David J. Sahn, Michael Jones. Oregon Hlth Sci Univ. Portland, OR; LAMS-NHLBI,
Bethesda, MD: Georgia Inst of Technology, Atlanta, GA
Although the color Doppler (CD) jet width and area measurement methods
have been widely used clinically for evaluating the severity of aortic regur-
gitation (AR), there have been no studies comparing CD jet measurements
with a strictly quantifiable reference standard for determining regurgitant vol-
ume. The purpose of the present study was to evaluate the accuracy of the
CD jet area planimetry. jet length and jet neck width measurement meth-
ods for quantifying chronic AR. In 6 sheep, 3 with partial resection of the
right coronary cusp and 3 with partial resection of the non coronary cusp
to produce chronic AR, 21 hemodynamically different states were obtained
pharmacologically 20 weeks 20 weeks recovery. AR jet length and area and
the width of the imaged flow connection between the flow acceleration field
and the expanding regurgitant jet, which we call the jetneck at its smallest di-
ameter were imaged and measured using a Vingmed 775 scanner. The peak
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1.5-20 L/min. With the ultrasound transducer placed at an angle to maximize
the extension of the FC alias extension towards the transducer and by using
high aliasing velocities so as to mandate correcting for an inlet constraining
angle related to leaflet configuration, but not for chamber wall constraint,
the correlation for predicting flow was r = 0.97 over flows from 2-12 L/min.
The required inlet angle correction could be verified from the relationship
of the FC results with the prolapse anatomy and the actual flows but was
not required when the flow rate was high enough to be measured outside,
or proximal to, the inlet funnel; at which time no correction was necessary.
Our studies provide rational and easily implemented approaches useful in
adapting the FC method to prolapsed or flail leaflet geometries.
PISA formula for calculating 0 across a valve should be different from that
for a planar model. We evaluated variations of PISA formula in a planar model
and two convex-shaped models. Methods: Three circular orifice diameters
(0 = 5.2,8,12 mm) on hemispherical bails (diameter, D = 38 and 58 mm)
and one planar model were studied in a constant flow system (Fig. 1). The
radii (A and BI of PISA were measured in axial and transverse views. Flow ve-
locity and actual 0 across orifices were varied from 0.3-7.7 mls and 0.9-8.6
IImin, respectively. Results: 1) BIA ratios were dependent on actual 0 and
orifice sizes. 21 BIA ratios were significantly larger for convex models than
for a planar model at actual 0 below 511min (p < 0.001) (Fig.2 shows data for
orifice 0 = 8 mm at aliasing velocity between 15 and 30 cm/s). 311n a convex
model (D = 38 mm). BIA ratios for orifices 0 = 5.2,8,12 mm at actual 0 =
1.5 IImin were 1.35 ± 0.07, 1.62 ± 0.07 and 1.85 ± 0.08, respectively (p <
0.001). The D = 58 mm convex model demonstrated similar results. Conclu-
sion: The shape of PISA for a convex surface is less hemispherical than for
a planar surface. Decreased axial radius is partially compensated for by in-
creased transverse radius. Since precise orifice geometry is often unknown
clinically, measurement of both PISA axial and transverse radii is important
to minimize under-estimation of regurgitant or stenotic flow.
11020-61 Delineation of Three-Dimensional Geometry of
Intracardiac Blood Flow Jets and Proximal Flow
Convergence Regions in Patients with Flow
Abnormalities by Volume-Rendered
Three-Dimensional Echocardiography via
Transthoracic Imaging
Ouantitation of the severity of mitral regurgitation (MR) is complicated by
changes in loading conditions that occur either spontaneously or as a re-
sult of therapy. Effective regurgitant orifice area has been proposed as a
more fundamental measure of the severity of MR than regurgitant volume.
To test the hypothesis that regurgitant orifice area is less dependent on load-
ing conditions than regurgitant volume, we studied the effects of afterload
reduction with nitroprusside infusion on regurgitant orifice area and regur-
gitant volume by quantitative Doppler in 12 patients (age 34 to 77 years)
with moderate or severe MR. Etiology of MR was dilated cardiomyopathy in
2, mitral valve prolapse in 7, infective endocarditis in 1, and rheumatic mi-
tral valve disease (without stenosis) in 2. Regurgitant volume was calculated
from the stroke volumes (area times velocity-time integral) in the left ventric-
ular outflow tract and mitral annulus. Regurgitant orifice area was calculated
as regurgitant volume divided by the velocity-time integral of the MR con-
tinuous wave Doppler envelope. MR could not be quantitated in 2 patients
with prolapse and markedly eccentric jets due to inadequate alignment of the
continuous wave Doppler beam. In the remaining 10 patients, nitroprusside
decreased mean regurgitant volume significantly from 138 ± 82 to 116 ± 71
ml (p = 0.0017). while mean regurgitant orifice area remained unchanged
(1.1 ± 0.7 vs 1.1 ± 0.7 cm2, p =' 0.64). Thus in patients with mitral regur-
gitation, effective regurgitant orifice area is less afterload dependent than
Alain Delabays, Lissa Sugeng, Oi-Ling Cao, Gerald Marx, Mani Vannan,
Steven Schwartz, Tsui-Lieh Hsu, Shuenn-Jiin Ho, Chen-Huan Chen,
Natesa Pandlan. Tufts-New England Medical Center, Boston, Mass
Volume-rendered three-dimensional echocardiography(3DE) has the capabil-
ity of not only displaying cardiac structures but also has the potential to depict
intracardiac flow jets in a dynamic mode. In this study, we explored the abil-
ity of 3DE to provide new information on intracardiac flow disturbances not
available from 2D color Doppler. Sequential 2DE images with color Doppler
information were acquired using a calibrated rotational scanning method by
a transthoracic approach in 34 pts (29 adults and 5 children) with a variety
of cardiac disorders. Using a computerized motor coupled to conventional
transducers (2 MHz to 5 MHz), 2DE images were collected every 2 degrees
over a span of 180 degrees along with ECG and respiratory gating. After dig-
ital reformatting, thresholding and adequate segmentation, intracardiac flow
jets could be seen in every desired 3DE projection. Flow jet reconstruction
was possible in all but 1 pt, yielding a total of 34 jets for review (23 regurgitant
jets, 9 stenotic jets and 2 shunts). Central flow jets (n ~ 24) were the easiest
to reconstruct and display in a dynamic 3DE mode, providing an immediate
appreciation oftheir exact shape and spatial extension. Eccentric jets (n = 10)
with only partial contact with cavity walls could be reconstructed but required
more careful segmentation. However, when the flow jet was in direct con-
tact and alignment with a wall, it was difficult to clearly discriminate the flow
data from the tissue signals. When mental 3D appraisal of flow jets (based
on combining various 2D color Doppler views) was compared to actual 3DE
display of flow jets, there was concordance in all instances of central jets, but
when a jet was eccentric, 3DE yielded an easier and frequently different dy-
namic geometry. Examination of various flow convergence zones (n = 10) by
3DE indicated the absence of a perfect hemispheric geometry in all cases (in
contrast to the generally-held assumption of a hemisphere in the use of PISA
method). We conclude that 3DE has the potential to provide useful informa-
tion onflow abnormalities in patients, with important diagnostic and research
implications on the study of flow and flow quantitation.
Afterload Dependence of Mitral Regurgitant
Volume and Regurgitant Orifice Area by
Quantitative Doppler
DuWayne L. Willett, M. Elizabeth Brickner, Waleed N. Irani, Christopher
R. deFilippi, Paul A. Grayburn. UTSouthwestern and VA Medical Centers, Dallas, Texas
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A Flow Convergence Method to Quantitate
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David J. Sahn. Oregon Hlth Sci Univ., Oregon Graduate Institute ofScience and
Technology, Portland. OR
The flow convergence (FC) method has yielded variable results for calcula-
tion of regurgitantflow(RF) rates in mitral regurgitation (MR) with a flail mitral
valve leaflet (FMVLI. Two effects have been postulated as causing errors in
FMVL geometry: 1) near the regurgitant orifice (RO) the direction of flow is
nearly 90° to the Doppler beam; and 2) left ventricular wall and MVL sur-
face constraints may cause distortion of the assumed hemispherical shape
of the FC region. For our finite element modeling study, we used a FMVL
model traced from actual echocardiographic images (Fig. A), and simulated
continuous flow with RO areas 0.25 and 1.0 cm2 at RF's of 2, 3, 4, 6, Umin.
The isovelocity data (Fig. BI was then adjusted to simulate the angle effects
of Doppler sampling from the apex yielding images similar to actual clinical
studies (Fig. CI. Near the FMVL, as simulated for color Doppler, velocities are
underestimated and near the septal leaflet, the isovelocity shells are elon-
gated in a direction towards the scanning origin. The experimental in vitro
model had a "smile-shaped" prolapse type orifice 30 mm2 in cross-sectional
area and was studied under pulsatile flow conditions over flow rates for
